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Medical treatment of rheumatoid arthritis (RA) is often 
successful. Although operative treatment of RA has been 
decreasing, first metatarsophalangeal (MTP) joint–pre-
serving arthroplasty for RA is increasing because of recent 
improvements in drug therapy for RA.18 First MTP arthro-
plasty for RA-induced forefoot deformity is widely per-
formed, and resection arthroplasty of the MTP joint was 
historically the mainstream procedure. In resection arthro-
plasty, articular bone is resected to obtain enough mobility 
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Abstract
Background: Resection arthroplasty has long been a major treatment option for forefoot deformity caused by rheumatoid 
arthritis (RA). However, metatarsophalangeal (MTP) joint–preserving surgery is now surpassing classic resection 
arthroplasty. This study was performed to compare the postoperative results of these 2 operative methods.
Methods: Fifty-one toes of 40 patients with RA who underwent resection arthroplasty (resection group) or MTP joint–
preserving arthroplasty (preservation group) from 2014 to 2017 for forefoot deformity were followed up for >1 year and 
were retrospectively analyzed. In the preservation group, open reduction of joint dislocation was performed if needed, 
and the deformity was corrected by metatarsal shortening osteotomy. The mean follow-up period was 21 months. The 
Japanese Society for Surgery of the Foot (JSSF) scales (objective outcome measures), the Self-Administered Foot Evaluation 
Questionnaire (SAFE-Q) (subjective outcome measure), and radiographic indices were compared between the groups. 
The resection group and preservation group comprised 15 toes of 11 patients and 36 toes of 29 patients, respectively.
Results: There were no significant differences in the preoperative radiographic indices, JSSF scales, or SAFE-Q results 
between the 2 groups. The preservation group showed better JSSF scores at the last follow-up (median hallux scale, 89 
vs 74; median lesser scale, 87 vs 79). In the preservation group, the SAFE-Q scores gradually improved with time until 
12 months postoperatively. In the resection group, the scores decreased 3 months postoperatively and then improved 
and reached a plateau 6 months postoperatively. At 12 months postoperatively, there was no significant difference in the 
SAFE-Q scores between the 2 groups.
Conclusions: MTP joint–preserving arthroplasty resulted in superior objective scores to resection arthroplasty in patients 
with RA forefoot deformity. Although the subjective scores did not differ between the groups at the last follow-up, the 
time course of postoperative quality of life improvement was different between the 2 surgeries.
Level of Evidence: Level III, retrospective comparative study.
Keywords: rheumatoid arthritis, forefoot deformities, arthroplasty, patient-reported outcome, SAFE-Q
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for easy correction of the deformity. However, there is a 
need to change the first MTP arthroplasty technique to a 
method that preserves the MTP joint because forefoot 
loading in the gait cycle is not expected after resection 
arthroplasty, and the procedure adversely affects the over-
all gait.12,14 Nonetheless, patients with RA who have a 
high risk of operative complications and severe erosion of 
the head of the metatarsal bone may unavoidably require 
resection arthroplasty. In MTP joint–preserving arthro-
plasty, the MTP joint is preserved mainly by a shortening 
osteotomy of metatarsal bones instead of articular bone 
resection, and favorable results have been reported.9,21,24-26 
However, few reports have compared the effects of joint-
preserving arthroplasty and resection arthroplasty for RA 
forefoot deformity performed within the same time period. 
Therefore, the present study was performed to compare 
various measured parameters between resection arthro-
plasty and MTP joint–preserving arthroplasty for the treat-
ment of RA-induced forefoot deformity.
Methods
Patients
This study was approved by our institutional review board, 
and all patients provided informed consent. Patients with 
RA who underwent first MTP arthroplasty for forefoot 
deformity from November 2014 to April 2017 and were fol-
lowed up for >1 year were included in this study. Patients 
who underwent revision surgeries and patients for whom 
the operative intervention did not involve the MTP joint 
were excluded. The patients comprised 1 man (1 foot) and 
39 women (50 feet) with an average age of 67 years (range, 
32-85 years) and mean follow-up of 21 months.
Study Design
This was a retrospective study. The following information 
was collected from the patients’ medical records: (1) back-
ground factors: sex, age, and body mass index; (2) 
RA-related factors: disease duration of RA, medications, 
and number of previous RA-related orthopedic surgeries; 
(3) blood test results: preoperative C-reactive protein and 
matrix metalloproteinase concentrations; (4) objective 
outcome measures: Japanese Society for Surgery of the 
Foot (JSSF) hallux metatarsophalangeal-interphalangeal 
scale (JSSF hallux scale) score and JSSF lesser metatarso-
phalangeal-interphalangeal scale (JSSF lesser scale) score, 
which are assessment measures validated for forefoot 
pathologies19,20; (5) subjective outcome measure: results 
of the Self-Administered Foot Evaluation Questionnaire 
(SAFE-Q), which is validated for foot and ankle patholo-
gies in all patients, including those with RA22,27; (6) radio-
graphic indices: hallux valgus angle (HVA), first-to-second 
intermetatarsal (M1M2) angle, first-to-fifth intermetatar-
sal (M1M5) angle, and Hardy classification of sesamoid 
position10; (7) postoperative complications: delayed 
wound healing (defined as the need for more than 4 weeks 
of wound care), recurrence or occurrence of painful cal-
losities, correction loss (defined as an HVA of more than 
20 degrees or redislocation of the MTP joint of lesser toes 
on both radiography and palpation), nonunion, and bony 
ankylosis. Subjective and objective outcome measures 
were collected preoperatively and 3, 6, and 12 months 
postoperatively. Radiographic indices were evaluated pre-
operatively and at the last follow-up.
Resection arthroplasty was performed in 15 feet of 11 
patients (resection group), and MTP joint–preserving arthro-
plasty was performed in 36 feet of 29 patients (preservation 
group). All the toes were operated on in every patient. The 
patients’ demographic data are shown in Table 1. Patients in 
the preservation group were younger (P = .04) and used more 
methotrexate (P < .001) than those in the resection group. 
There was no significant difference in sex, age, body mass 
index, disease duration of RA, number of previous RA-related 
orthopedic surgeries, rate of biologics use, daily amount of ste-
roid administration, C-reactive protein concentration, or matrix 
metalloproteinase 3 concentration between the 2 groups.
During the study period, we employed 2 operative pro-
cedures for first MTP arthroplasty: resection arthroplasty 
and MTP joint–preserving arthroplasty. The patients were 
sufficiently informed about these 2 operative methods and 
chose the operative procedure after a discussion with the 
doctors. Specifically, the patients were informed of the 
following. Resection arthroplasty has long been a major 
treatment option for forefoot deformity caused by RA. 
Although a major advantage of resection arthroplasty is 
that it is easy to perform, it is also associated with a high 




(n = 15) P value
Sex ratio, M/F 0.00 0.07 n.s.
Age, y 66 ± 1.5 71 ± 2.3 .04
BMI 21 ± 0.4 20 ± 0.7 n.s.
Disease duration, y 22 (12-29) 22 (14-29) n.s.
Number of RA-related 
operations
0.9 ± 0.3 2.3 ± 0.5 n.s.
History of biologics 
administration, yes/no
0.4 1.1 n.s.
Methotrexate, mg 7.9 ± 0.6 2.8 ± 1.0 <.001
Prednisolone, mg 2.0 ± 0.4 1.3 ± 0.6 n.s.
C-reactive protein, mg/dL 0.4 ± 0.1 0.8 ± 0.2 n.s.
MMP-3, ng/mL 105 (52-164) 112 (43-181) n.s.
Abbreviations: BMI, body mass index; F, female; M, male; MMP-3, matrix 
metalloproteinase 3; n.s., not significant; RA, rheumatoid arthritis.
aData are presented as mean ± SD or median (interquartile range).
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incidence of correction loss, recurrent painful callosity, 
and disability of forefoot loading in the gait cycle.5,13,16,23 
Advantages of MTP joint–preserving arthroplasty are 
good MTP joint function and an even pressure distribution 
of the plantar side of the foot. However, the need to per-
form complex operative procedures and the long operation 
time are disadvantages.
In both surgeries, 2 or 3 dorsal parallel longitudinal inci-
sions were used. In resection arthroplasty, the distal ends of 
all metatarsal bones were resected as described by Kates 
et al.13 In MTP joint–preserving arthroplasty, the hallux 
deformity was corrected by a horizontal osteotomy of the 
first metatarsal bone.25 A horizontal osteotomy is a metatar-
sal bone osteotomy with a horizontal bone-cutting line that 
is oriented parallel to the plantar surface to achieve ade-
quately high compression force on the bone cutting surface. 
Any deformities of the lesser toes were corrected by an 
oblique shortening osteotomy of the distal metatarsal bones 
as described by Hanyu et al9 (Figure 1). Rebalancing of the 
toe length difference at the time of surgery was planned by 
adjusting the amount of each bone resection with reference 
to “normal metatarsal head array” advocated by Barouk.1
In both surgeries, the fixation wires were removed and 
toe range-of-motion exercises were started 3 weeks postop-
eratively.9,16 The patients were instructed to avoid bearing 
weight on the forefoot until 6 weeks postoperatively.
Statistical Analysis
We used the statistical software JMP 9.0.2 (SAS Institute, 
Cary, NC). Differences between groups were examined 
using Student (Welch) t test for continuous variables and 
the chi-square test for categorical data as appropriate. 
Improvement of variables within each group was examined 
by a paired t test. Time-course trends of the variables were 
examined using a linear regression model. A P value of 
<.05 indicated a statistically significant difference.
Results
The JSSF scale scores preoperatively and at the last follow-
up are shown in Figure 2. The median JSSF hallux scale 
score in the preservation group and resection group was 49 
and 52 preoperatively and 89 and 74 at the last follow-up, 
respectively (Figure 2A). No significant difference was 
observed between the 2 groups preoperatively; at the last 
follow-up, however, the scores were significantly better in 
the preservation group than in the resection group (P = .01). 
The median JSSF lesser scale score in the preservation group 
and resection group was 39 and 41 preoperatively and 87 
and 79 at the last follow-up, respectively (Figure 2B). No 
significant difference was observed between the 2 groups 
preoperatively; at the last follow-up, however, the scores 
were significantly better in the preservation group than in 
the resection group (P = .02). Both JSSF scale scores in the 
preservation group, but only the JSSF lesser scale score in 
the resection group, were significantly better at the last fol-
low-up than preoperatively (JSSF hallux and lesser scale in 
preservation group: P < .001 and <.001, respectively; JSSF 
lesser scale in resection group: P < .001).
The values of the radiographic indices are shown in 
Figure 3. Preoperatively, no significant difference was 
observed in the HVA, M1M2 angle, M1M5 angle, or Hardy 
classification between the preservation group and the resec-
tion group. At the last follow-up, the M1M5 angle was sig-
nificantly smaller in the preservation group than in the 
resection group (P = .02). No significant difference was 
observed in the HVA, M1M2 angle, or Hardy classification 
between the 2 groups at the last follow-up.
The time course of each component of the SAFE-Q (Pain 
and Pain-Related component, Physical Functioning and 
Daily Living component, Social Functioning component, 
Shoe-Related component, and General Health and Well-
Being component) in the preservation group is shown in 
Figure 4. The 4 follow-up time points were preoperatively 
and 3, 6, and 12 months postoperatively. A significant linear 
improvement was observed in all components other than 
the Shoe-Related component.
The time course of each component of the SAFE-Q in 
the resection group is shown in Figure 5. The 4 follow-up 
time points were the same as in the preservation group. All 
components other than the General Health and Well-Being 
component deteriorated within 3 months postoperatively 
and improved thereafter. No significant difference was 
observed in any of the 5 components between 6 and 12 
months postoperatively.
A comparison of each SAFE-Q component between the 
2 groups at each time point is shown in Table 2. No signifi-
cant difference was observed between the 2 groups preop-
eratively or 12 months postoperatively. However, 3 months 
postoperatively, the Physical Functioning and Daily Living 
component, Social Functioning component, and Shoe-
Related component were significantly better in the preser-
vation group than in the resection group (P = <.001, .02, 
and .01, respectively). However, 6 months postoperatively, 
the Pain and Pain-Related component was significantly 
better in the resection group than in the preservation group 
(P = .03).
With respect to postoperative complications, no patients 
developed a postoperative infection requiring additional 
treatment. Delayed wound healing occurred in 6 patients in 
the preservation group and 2 patients in the resection group, 
without a significant difference between the groups. All 
wounds healed with conservative treatment. Nonunion was 
observed in 6 toes (3 patients) in the preservation group. 
Bony ankylosis was observed in one toe in the resection 
group. Recurrent painful callosity was observed in 2 patients 
in the preservation group and 2 patients in the resection 
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group, without a significant difference between the groups. 
Correction loss (defined as an HVA of more than 20 degrees 
or redislocation of the MTP joint of a lesser toe as shown by 
both radiography and palpation) was observed in 3 toes (3 
patients) in the preservation group and 1 toe in the resection 
group, without a significant difference between the groups.
Discussion
Resection arthroplasty has historically been a very popular 
operative technique for forefoot deformity in patients with 
RA. However, with the recent improvements in drug ther-
apy for RA, MTP joint–preserving arthroplasty has been 
Figure 1. Dorsoplantar radiographs of the foot. (A) Preoperative, (B) immediate postoperative, and (C) 12-month postoperative 
dorsoplantar radiographs after metatarsophalangeal joint–preserving surgery. (D) Preoperative, (E) immediate postoperative, and (F) 
12-month postoperative dorsoplantar radiographs after resection arthroplasty.
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gaining popularity. Joint-preserving surgery is theoretically 
superior to resection arthroplasty with respect to preserva-
tion of the MTP joint; however, the operative procedure is 
complex and the operation time tends to be long. These fac-
tors might increase the risks of wound complications and 
operative site infection.
Several reports have described each of these operative 
procedures. Clayton4 introduced an operative technique for 
resection arthroplasty in 1960. The distal metatarsal and 
proximal phalanx were resected to achieve deformity cor-
rection and pain relief, and good results were obtained in 
85% to 95% of patients. Fowler7 and Leliévre15 reported the 
use of resection arthroplasty in their respective methods 
involving a dorsum approach, and Hoffmann11 reported 
good outcomes with both methods involving a plantar 
approach. However, resection arthroplasty is associated 
with complications including postoperative correction loss 
and recurrence of painful callosity. Coughlin5 reported hal-
lux valgus recurrence of more than 20 degrees 6.2 years 
after surgery in 26 feet (55%), and a reoperation was per-
formed in 11 patients (23%). Patsalis et al23 reported that 
during a mean follow-up of 10.5 years after surgery, fore-
foot pain was still present in 56% of patients, valgus recur-
rence developed in 72%, and painful callosities were present 
in 61%. Matsumoto et al16 performed resection arthroplasty 
in all 5 metatarsal heads of 107 feet with RA-induced fore-
foot deformity and observed the outcomes during a mean 
follow-up period of 5.8 years. They found that recurrence of 
hammer toe, shortening of the resection arthroplasty space, 
and recurrence of hallux valgus were risk factors for poor 
postoperative outcomes.
In a report of MTP joint–preserving arthroplasty, Hanyu 
et al9 performed shortening oblique osteotomy for lesser 
feet and Mitchell’s method17 for hallux in 47 patients (75 
feet) with RA-induced forefoot deformities. During an 
average 6-year follow-up, callosities recurred in 9 feet 
(12%) with moderate pain in 3 feet, but 39 (83%) patients 
were satisfied with the postoperative outcome. In the lateral 
toes, recurrence of the crossover toe (overlapping toe) was 
seen in 16 feet (21%), hammer toe deformities were found 
in 10 feet (13%), and valgus deformity of the hallux recurred 
in 3 feet (4%). Chao et al3 performed MTP joint–preserving 
arthroplasty for forefoot deformity in 37 feet with RA with 
an average follow-up period of 42 months, and the mean 
HVA and intermetatarsal angles decreased from 37 to 15 
degrees and from 14 to 5 degrees, respectively. The postop-
erative range of MTP joint active motion was similar to the 
preoperative range. With respect to postoperative complica-
tions, recurrence of callosities occurred in 1 foot (3%), val-
gus deformity of the hallux in 1 foot (3%), and reoperation 
because of delayed wound healing in 1 foot (3%). Bhavikatti 
et al2 performed MTP joint–preserving arthroplasty (scarf 
osteotomy) for forefoot deformity in 66 feet with RA with 
an average follow-up period of 51 months. The mean 
Figure 2. (A) Japanese Society for Surgery of the Foot (JSSF) hallux scale preoperatively and at the last follow-up. (B) JSSF lesser 
scale preoperatively and at the last follow-up. Note that for both scales, the scores at the last follow-up were significantly better in 
the preservation group than in the resection group. n.s., not significant. *Significantly different.
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American Orthopaedic Foot & Ankle Society score 
improved from 39.8 preoperatively to 88.7 at the final fol-
low-up. Patients reported their outcome as excellent in 49 
feet (74%), good in 9 feet (14%), fair in 7 feet (11%), and 
poor in 1 foot (2%). The mean HVA decreased from 32 to 
15 degrees. Niki et al21 performed MTP joint–preserving 
arthroplasty for forefoot deformity in 57 feet with RA with 
an average follow-up period of 76.6 months. The mean 
JSSF score improved from 52.1 preoperatively to 90.3 at 
the final follow-up, and the mean HVA decreased from 48.5 
Figure 3. Radiographic variables and classification preoperatively and at the last follow-up. (A) Hallux valgus angle. (B) First-to-
second intermetatarsal (M1M2) angle. (C) First-to-fifth intermetatarsal (M1M5) angle. (D) Hardy classification of sesamoid position. 
Note that with the exception of the M1M5 angle, no significant difference was observed between the preservation group and the 
resection group at the last follow-up. n.s., not significant. *Significantly different.
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to 8.6 degrees. All pain caused by callosities improved, and 
no patients developed recurrence of forefoot deformities, 
including claw toe.
It is difficult to discuss the superiority or inferiority of 
resection arthroplasty and MTP joint–preserving arthro-
plasty based on these reports, not only because none of 
these reports were randomized studies but also because the 
times at which the surgeries were performed were different, 
which means that the RA control strategy was different.
A few reports have compared resection arthroplasty 
with MTP joint–preserving arthroplasty. Fukushi et al8 ret-
rospectively evaluated 23 feet of 17 patients (preservation 
group: 10 feet, resection group: 13 feet) with RA-induced 
forefoot deformities with a mean follow-up of 28 months. 
The preservation group showed significantly greater post-
operative improvement of the JSSF scores. With respect to 
postoperative complications, recurrence of hammer toe 
was observed in 4 toes in the resection group, but no obvi-
ous complications were observed in the preservation 
group. Ebina et al6 retrospectively compared the SAFE-Q 
results in 63 feet with RA-induced forefoot deformities 
(preservation group: 35 feet with an average follow-up 
period of 3.6 years, resection group: 28 feet with an aver-
age follow-up period of 4.2 years). The SAFE-Q is a 
patient-based assessment measure of quality of life spe-
cific to the foot and ankle regions and was developed by 
the JSSF.22 All components of the SAFE-Q improved sig-
nificantly in both groups, but improvement of the Shoe-
Related component and General Health and Well-Being 
component were significantly greater in the preservation 
group than in the resection group.6 In terms of postopera-
tive complications, recurrent subluxation/dislocation of 
the lesser toes was observed in 19 feet (resection group: 15 
feet, preservation group: 4 feet; P < .001).6 Horita et al12 
retrospectively compared the 2 treatment methods for 
RA-induced forefoot deformity in 34 feet (preservation 
group: 18 feet with an average follow-up period of 33.2 
months, resection group: 16 feet with an average follow-
up period of 37.3 months). In the resection group, the 
JSSF score improved significantly from 61.3 to 83.9, but 
recurrence of callosities and claw toe deformity was 
observed in 6 and 3 feet, respectively. In the preservation 
group, the JSSF score improved significantly from 62.2 to 
90.8, but recurrence of callosities and hammer toe defor-
mity was observed in one foot each; this incidence was 
significantly lower than that in the resection group.
MTP joint–preserving arthroplasty seems to be associ-
ated with fewer postoperative complications and better 
Figure 4. Time course of Self-Administered Foot Evaluation Questionnaire (SAFE-Q) results in the preservation group. (A) Pain and 
Pain-Related component. (B) Physical Functioning and Daily Living component. (C) Social Functioning component. (D) Shoe-Related 
component. (E) General Health and Well-Being component. Note that every component except the Shoe-Related component linearly 
improved until 12 months postoperatively. n.s., not significant; Pre, preoperative; M, month; Y, year. *Significantly different.
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clinical outcomes than resection arthroplasty. However, to 
our knowledge, no previous reports have compared these 2 
operative procedures performed in the same time period.
We chose the operative procedure (preservation vs resec-
tion) based on the philosophy of shared decision making. 
We performed 36 joint-preserving arthroplasties and 15 
resection arthroplasties during this study period. Comparison 
of the results of resection arthroplasty and joint-preserving 
arthroplasty performed around the same time provided 
valuable data. Although this was not a randomized study, 
there was no significant difference in the preoperative 
radiographic indices, objective scores, or patient-reported 
scores between the 2 groups. Patients in the resection group 
were older than those in the preservation group, probably 
because older patients prefer conventional treatment strate-
gies. We believe that the same logic can be applied to the 
fact that the methotrexate use was lower in the resection 
group than in the preservation group.
At the last follow-up, the preservation group showed 
better JSSF scale scores and, among several radiographic 
indices, a smaller M1M5 angle than did the resection group. 
These findings are consistent with previous reports.6,8,21,24
In contrast to these objective measures, the SAFE-Q, a 
subjective assessment measure of the quality of life specific 
to the foot and ankle regions, showed no significant differ-
ence between joint-preservation surgery and joint resection 
surgery 12 months postoperatively. The SAFE-Q consists of 
5 subscales: the Foot Pain and Pain-Related component, 
Physical Functioning and Daily Living component, Social 
Functioning component, General Health and Well-being 
component, and Shoe-Related component.22 In the current 
study, all components of the SAFE-Q except the Shoe-
Related component in the preservation group showed signifi-
cant improvement compared with the preoperative status.
We also found a very interesting difference in terms of 
the time course of the SAFE-Q results between the preserva-
tion group and the resection group. In the preservation 
group, the scores gradually improved with time. The Pain 
and Pain-Related component, Physical Functioning and 
Daily Living component, and General Health and Well-
Being component improved even after 6 months. It seems 
that it takes time to reacquire the ability to use joints that 
have not been used for a long time even after deformity cor-
rection and bone fusion have been achieved. In the resection 
Figure 5. Time course of Self-Administered Foot Evaluation Questionnaire (SAFE-Q) in the resection group. (A) Pain and Pain-
Related component. (B) Physical Functioning and Daily Living component. (C) Social Functioning component. (D) Shoe-Related 
component. (E) General Health and Well-Being component. Note that every component except the General Health and Well-Being 
component deteriorated 3 months postoperatively and recovered thereafter. n.s., not significant; Pre, preoperative; M, month; Y, 
year. *Significantly different.
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group, however, the scores of most components decreased 3 
months postoperatively and then improved and reached a 
plateau 6 months postoperatively. Unlike the preservation 
group, there was no change after 6 months. The characteris-
tic postoperative time course of each operation is very useful 
information for patients because it will help them to choose 
which operation they would like to undergo and know what 
to expect during the postoperative process.
This study has several limitations. First, this was a ret-
rospective observational study, and the patients were not 
randomly assigned to the 2 operative groups. Therefore, 
the patients’ backgrounds differed between the groups. 
Second, patients in the joint-preservation group were 
younger and used more methotrexate than those in the 
resection group. This difference might have affected the 
results. However, this difference seems clinically unim-
portant because there were no significant differences in the 
preoperative objective and subjective assessment mea-
sures, radiographic angles of deformity, blood test results, 
and several other clinical background factors. Third, the 
total number of patients was small and the follow-up period 
was short. It will be necessary to increase the number of 
patients in future studies as well as lengthen the follow-up 
period to assess long-term complications.
In conclusion, both resection arthroplasty and MTP 
joint–preserving arthroplasty provided satisfactory short-
term results for patients with RA-induced forefoot defor-
mity. Slightly better objective results were observed in MTP 
joint–preserving arthroplasty than in resection arthroplasty. 
After resection arthroplasty, patients’ subjective quality of 
life decreased at 3 months and then increased again, and it 
took 6 months to reach a plateau. Conversely, after MTP 
joint–preserving arthroplasty, patients’ quality of life gradu-
ally improved and it took more than 6 months to reach a 
plateau. No significant difference in the outcomes of these 
2 surgeries was observed 12 months postoperatively.
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